Previous studies regarding fungal specificity and diversity of the Orchidaceae mainly focus on the mycorrhizal fungi. In contrast, little knowledge of endophytic communities and distributions of nonmycorrhizal fungi in different organs and different sites of orchids are available. In the present study, we investigated the occurrence and species diversity of culturable endophytic fungi from roots and leaves of terrestrial orchid Bletilla ochracea from 5 sites in Guizhou. A total of 1026 fungal strains were isolated, and identified to 88 taxa. The 7 species of Epulorhiza, Ceratorhiza and Sebacina (each with > 5% total relative frequency, Basidiomycetes), and 1 species of Phomopsis (6.38%, Ascomycetes) were found to be dominant in roots. In comparison, 5 species of Colletotrichum, Guignardia and Cercospora (Ascomycetes) were dominant from leaves. Different species composition was found from different sites for both roots and leaves, and possible reasons are discussed. There was no or very few overlapping species found between roots and leaves in all sampling sites, indicating potential tissue specificity. The occurrence of fungal species from leaves was found to be significantly affected by geographic and environmental factors, and on the other hand, no significant correlation between fungal occurrence and geographic factors was found from roots.
INTRODUCTION
Plant-fungal symbiotic associations are ubiquitously and anciently distributed in natural plant communities (Alexopoulos et al., 1996) . Some endophytes are considered as plant mutualists because they receive nutrition and protection from the host plant while the host plant may benefit from enhanced competitive abilities and increased resistance to herbivores, pathogens, and various abiotic stresses (Newton et al., 2010; Saikkonen et al., 1998 Saikkonen et al., , 2010 . Endophytic fungi live asymptomatically and internally within host plant tissues; *Corresponding author. E-mail: liuzuoyi@yahoo.com.cn. Tel: +86 8513761761. to date, no study has yet shown the existence of a plant species without endophytes (Promputtha et al., 2007) . Endophytic fungi can be isolated from leaves, petioles, bark, or stems of trees, shrubs, grasses and ferns (Arnold et al., 2000; Ganley and Newcombe, 2006; Gond et al., 2007; Hoffman and Arnold, 2008; Pandey et al., 2003; Saikkonen et al., 2004) . In addition, the species composition and distributions of fungal endophytes are influenced by environmental and geographic factors such as temperature, moisture, altitude, host species and plant tissues (Collado et al., 1999; Fisher et al., 1994; Granath et al., 2007; Guo et al., 2008; Hoffman and Arnold, 2008; Kumaresan and Suryanarayanan, 2002; Photita et al., 2001; Wang and Guo, 2007) . The Orchidaceae is one of the largest plant families, with nearly 25,000 species (Cribb et al., 2003) , roughly one tenth of all flowering plants (Jones, 2006) . Orchids are fascinating ornamental plant and because of specific mycorrhizal symbiosis during their life cycle, they have become important research materials for fungal diversity and specificity, and coevolution between plants and fungi (Griesbach, 2002; Nontachaiyapoom et al., 2010; Stark et al., 2009; Zettler et al., 2004) . However, the study of endophytic fungal communities and diversities in orchid plants mainly focus on the mycorrhizal fungi (Kristiansen et al., 2001; Taylor and Bruns, 1999; Taylor et al., 2003; Selosse et al., 2009) , and studies on non-mycorrhizal endophytic fungi are lacking (Dearnaley, 2007; Rasmussen, 2002) , especially in leaf tissues. Based on the knowledge of endophytes of other plants (Guo et al., 2001 (Guo et al., , 2003 Li et al., 2007; Schulz and Boyle, 2005) , it is likely that all orchids contain a large community of fungal endophytes which are the important component of fungal biodiversity. Recently, the fungal communities within roots and leaves of the terrestrial orchid Bletilla ochracea Schltr. were investigated primarily by the molecular methods, and results indicated that there are abundant endophytic fungi, including mycorrhizal fungi (Tao et al., 2008) . Nevertheless, no detailed studies have been conducted on the occurrence of endophytic fungi in roots and leaves of orchid; hence, knowledge of their distributions in different regions in nature is rare.
Therefore, the terrestrial orchid B. ochracea, a widely distributed plant in Guizhou, a southwest province in China with high geographic and biological diversity was chosen. The occurrence and distribution of culturable endophytic fungi were investigated by plating segments or discs of roots and leaves. The main purpose of this study was to elucidate the diversity and distribution of endophytic fungi in roots and leaves from different sites, and to discuss whether fungal communities and species distribution are affected by geographic and environmental factors.
MATERIALS AND METHODS

Sampling sites and treatments
In June, July and August of 2006, the 10 B. ochracea plants from each site were collected in 5 sites, differing geographic and environmental factors (climate and altitude), in Guizhou province, China (Table 1) . Healthy and intact plants with native soil were packed and carefully transported to laboratory within 48 h. The sample plants were treated as follows to remove the microorganism on the plant surface. The 3 symptomless leaves and roots each for one plant were cut from 10 plants for one sampling site, and debris or soil on the surface was removed by careful rinsing under gently running tap water. They were surface-sterilized in a sequence of 75% ethanol for 1 min, 0.1% HgCl2 for 3 min (for leaves) and 3.5 min (for roots), and finally rinsed in five changes of sterile distilled water (Newell, 1976) . The rinsing water of the fifth time above was plated on the PDA medium without antibiotics, and these plates were used as control for testing microorganisms left. The surfacesterilized method was optimized by a series of experiments (data not shown) to be suitable for this study.
Isolation and identification of fungi
One hundred and eighty (180) root segments with 5 mm in length and 180 leaf discs with 5 mm in diameter were cut into from the surface-sterilized roots and leaves for each sampling site, and placed on three types of media of potato dextrose agar (PDA) medium, malt extract agar (MEA) medium (Stone et al., 2004) and modified Czapek Dox agar medium (Yamato et al., 2005) . Streptomycin sulphate and chloramphenicol were added to a final concentration of 100 and 50 mg/L to inhibit bacterial contamination. Six root segments or leaf discs were plated for one plate, and 10 replicates for each type of medium. Plates were kept in the dark at room temperature (25°C). When colonies appeared, they were subcultured into fresh PDA plates and allowed to grow for 14 days or longer before they were subjected to morphological examination. For long-term storage, fungal cultures were maintained in slants of PDA at 4°C. In this study, 1800 tissue segments or d iscs of roots and leaves from 5 sampling sites were grown in three media.
The fungi were identified mainly based on the morphological characteristics of reproductive structures with the aid of several taxonomic keys (Bailey and Jeger, 1992; Barnett and Hunter, 1999; Carmichael et al., 1980; Domsch et al., 1980; Ellis, 1976; Gerlach and Nirenberg, 1982; Sutton et al., 1980) . However, orchid mycorrhizal fungi belonging to Rhizoctonia-like group were identified according to culture morphology and microscopic characteristics using differential interference contrast (DIC) illumination for their sclerotial morphology, DAPI fluorescent stain for the nuclear numbers of young hyphal cells and the TEM for the septal pore ultrastructure (Andersen, 1996; Currah and Sherburne, 1992; Moore, 1987) . For those poorly sporulating isolates which cannot be identified by morphological characteristics, fungal genomic DNA extraction were conducted using a modified protocol of CTAB (Yang and Liu, 2005) , and the internal transcribed spacer (ITS) of ribosomal DNA were amplified and sequenced following the procedure of White et al. (1990) . The ITS sequences of similar taxon retrieved by Basic Local Alignment Search Tool (BLAST) in GenBank/NCBI were used for phylogenetic trees to identify the fungal morphotypes of this study (Tao et al., 2008) . The ITS sequences of fungal species in this study were deposited in GenBank under accessions HM751796 -HM751829 (Tables 2 and  3) .
Data analysis
The Shannon-Wiener diversity index (H′) was employed to evaluate and compare the diversity of fungal communities between different tissues of B. ochracea plant, and H′ was calculated according to the formula:
Where k is the total clone of fungal species, and pi is the proportion of individuals that species i contributes to the total (Pielou, 1975) .
The similarity of fungal communities within plant tissues among different sites was measured by Sorensen similarity index (Cs) which is calculated by formula:
Where a refers to number of overlapping species between 2 sampling sites or communities, b or c is the number of individual species of site B or site C (Magurran, 2004) . Sorensen similarity index (Cs) is applied and expressed with values between 0 (no similarity) and 1 (absolute similarity).
Pielou's evenness index (J) of fungal communities, which measures the fungal evenness of distribution within the plant host, was represented by: J = H΄/H΄max (Pielou, 1975) Where H΄ refers to the Shannon-Wiener diversity index of fungal communities in roots or leaves of one site, and H΄max means the maximum diversity index among the fungal communities in roots or leaves of 5 sites.
The software SPSS 15.0 was used for the analyses of Pearson's correlation coefficient (SPSS Inc., Chicago, IL, USA). This statistical inference was based on two correlation coefficients of the r value (r ﹥0.9) and P index (<0.05) to test the null hypothesis. These analyses were used to examine the correlation between fungal occurrence (that is, diversity and total RF, which means the total relative frequency of fungal occurrence in each sampling site) and geographic factors (that is, altitude and locality), and to infer whether these geographic factors influenced the species composition and distribution among the endophytic fungal communities in different sites.
RESULTS
A total of 1026 culturable fungal isolates were obtained from 1800 tissue segments or discs of roots and leaves of B. ochracea collected from the 5 sites in Guizhou. These isolates were identified to 88 taxa, including 30 to Tao et al. 2861 species level, 43 to genus level and 15 taxa above the family level based on morphological characteristics and molecular analysis of ITS rDNA region of fungal morphotypes. Among them, 775 isolates from leaf tissues were identified to 42 taxa, belonging to 32 species of 14 genera, and 10 to order and above order level; 251 isolates from root tissues were identified to 46 taxa, belonging to 41 species of 19 genera, and 5 to family and above family level.
Dominant species of fungal communities
Within roots from 5 geographic sites, the 7 species of Epulorhiza, Ceratorhiza and Sebacina (each with > 5% F%, Basidiomycetes), and 1 species of Phomopsis (6.38% F%, Ascomycetes) were found to be dominant. The species of Epulorhiza, Ceratorhiza and Sebacina comprised 69.74% total relative frequency (F%), and species from genera Fusarium and Phomopsis comprised 14.36% (Table 2) . Correspondingly, the 5 species of Colletotrichum, Guignardia and Cercospora (each with > 5% F%, Ascomycetes) were dominant from leaves. Fourteen species of Colletotrichum, Guignardia and Cercospora genera were dominant with 87.61% to total relative frequency, F% (Table 3 ). In comparison with species in the roots, all these fungi were taxa of Ascomycetes.
Species composition and distributions
Of all the fungal species isolated from roots, there were 22 taxa of Ascomycetes with 24.28% to total relative frequency (F%), and 21 taxa of Basidiomycetes with 74.12% to total relative frequency (Table 2) . Another 3 species of mycelia sterilia were unidentified. The Epulorhiza species were the most common (47.42%, F%) of all the isolates from roots, exhibiting in all the 5 sampling sites. In comparison, there were 33 taxa of Ascomycetes with 96.24% to total relative frequency (F%), and another 9 species were unidentified as mycelia sterilia in leaves from 5 sampling sites (Table 3 ). The Colletotrichum species were the most common (65.40%, F%), exhibiting in all the 5 sampling sites.
On the other hand, ecological distributions of fungal species were different among sampling sites, and occurrence frequency of endophytic fungi were also significantly different. First, the dominant species, for example, Ceratorhiza sp.1 and Periconia macrospinosa from roots in DYXB site were not discovered from the other 3 sampling sites, and the Sebacina species were dominant within roots from GYYL, QXHS, QZPS and SBJP sites, but they were not isolated from roots in DYXB site (Table 2) . Secondly, the occurrence frequency of some common species from 5 sampling sites was not 1 Total number of species = 46, 2 Relative frequency of occurrence, RF = number of strains of a specific species from each site/total number of isolates from each site; 3 F (%) = number of strains of a specific species from five sites/total number of strains of all species from five sites; 4 Total RF of each site = total number of isolates of each site/total number of isolates from five sites; N, total number of isolates of each site. Table 3 . Fungal species of endophytes isolated from leaf tissues and ecological distribution from five sites. 1 Total number of species = 42; 2 Relative frequency of occurrence, RF = number of strains of a specific species from each site/total number of isolates from each site; 3 F (%) = number of strains of a specific species from five sites/total number of strains of all species from five sites;
DYXB-Y (N=234) GYYL-Y (N=98) QXHS-Y (N=177) QZPS-Y (N=112) SBJP-Y (N=154)
4 Total RF of each site = total number of isolates of each site/total number of isolates from five sites; N, Total number of isolates of each site.
consistent, for example, Phomopsis species in Table 2 . Thirdly, total RF of each site were different from 5 sites ( Table 2) .
In addition, the dominant species within leaves from 5 sampling sites were also different in occurrence frequency and distribution. The dominant species, Cercospora sp.1 (5.68%, F%), Guignardia mangiferae (15.87%) and some species of Colletotrichum, C. caudatum (4.52%) and C. trifolii (2.58%) did not exhibit in all the 5 sampling sites (Table 3 ). The occurrence frequency of some common species, Colletotrichum spp., Guignardia spp. and other minority were not consistent at 5 sample sites (Table 3) . Furthermore, total RF of each site were also different from 5 sample sites, 30.19 (DYXB), 12.65 (GYYL), 22.84 (QXHS), 14.45 (QZPS) and 19.87% (SBJP), respectively (Table 3) .
Fungal species diversity within leaves and roots
For oots, Shannon-Wiener diversity index (H′) of endophytic fungi was slightly different among 5 sample sites. In most cases, root support higher diversity than leave, except for DYXB with lowest H′ within roots, 1.488 (Table 4) . However, the Pielou's evenness index (J) between roots and leaves were not consistent, and the fungal evenness within the roots was higher than that in leaves (Table 4) . Sorensen similarity index (Cs) of fungal communities among 5 sampling sites was very low, Cs of endophytic fungi among leaves from different sites were much higher than that among roots of sites (Table 5) . And between roots and leaves of the same site and different sites, the Cs was near zero or zero (Table 5) .
Correlation with environmental characters
Correlation analysis was performed with the software SPSS based on r value (r>0.9) and P index (<0.05), and the Shannon-Wiener diversity index (H′) of endophytic fungi in leaves had significant correlations with altitude and latitude, and a certain correlations with longitude in the 5 sampling sites. However, there was no significant correlation in roots between fungal diversity (H′) and geographic factors, and between total RF of each site and geographic factors (Table 6) , even if there were a bit differences of species richness and composition among sampling sites. These results suggested that the abundance of endophytic fungi in roots was not significantly correlated with altitude, latitude and longitude in the 5 sampling sites, and also indicated that the fungal richness and composition from roots and leaves was not consistent.
DISCUSSION
Why are fungal richness and distribution affected by geographic factors?
From the results of this study, the different sampling sites resulted in different species richness and composition, especially, some dominant species within plants, and the overlapping species were very few. This conclusion is similar to the previous researches of endophytic fungi from non-orchid plants. discovered that colonization and isolation rates of fungal endophytes associated with the palm, Trachycarpus fortunei, in warm temperate areas of China, were higher than that in tropical areas of Australia and Switzerland. Another studies also indicated that colonization and isolation rates of endophytic fungi in Chinese oil pine (Pinus tabulaeformis Carr.) and
Cordemoya integrifolia (Willd.) Baill were significantly influenced by factors such as moisture regimes and annual temperature (Toofanee and Dulymamode, 2002; Wang and Guo, 2007) . Ke et al. (2007) showed that the species richness in wild plants of Doritis pulcherrima (Orchidaceae) in Hainan, China, are significantly different among different habitats, with a much higher richness found from that growing on shrubs than that growing on rocks. In addition, the diversity of endophytic species was more affected by habitat types Azadirachta indica, the composition, richness, and distribution of endophytic fungi was interesting, as species composition showed no significant difference among different germplasm sources, and some endophytic fungi were host-and tissue-specific, for example, the dominant Colletotrichum species (Shao et al., 2008) . The differences of fungal distribution patterns among geographic regions may be caused by individual environmental or geographical factors of sampling sites. For example, differences of altitude (from 900 to 1600 m), rainfall, humidity and temperature at individual sites may have impacts on the biodiversity and species communities. As endophytic fungi often transfer from one host to another through horizontal transmission (Arnold and Herre, 2003; Bayman et al., 1998) , and so the rainfall, humidity and temperature of individual regions are important factors to affect the rate of endophytic colonization and infection to new host (Carroll, 1995; Gourbiere et al., 2001; Verma et al., 2007) .
Why do fungal communities and diversity differ significantly between roots and leaves?
From the results of this study, fungal communities from leaves and roots were significantly different to each other, no or very few fungi are found overlapping between roots and leaves of the terrestrial orchid B. ochracea. Meanwhile, the number of overlapping species in leaves from different sampling sites are higher than that in roots, although root support higher fungal diversity. It also seems to be the trends that fungal communities are more stable within roots, the below-ground tissues, than that within leaves, the above-ground tissues. These results are consistent with the study of Tao et al. (2008) . Similar results, in which different tissue types of plant, differ remarkably in endophyte communities and diversity have been reported from previous studies on other plant species (Collado et al., 2000; Fisher et al., 1994; Wang and Guo, 2007) . The reasons might be: (i) individual taxa might have special capacity for utilizing or surviving within a specific substrate (Carroll and Petrini, 1983) ; (ii) Fungal communities may be affected by tissue texture and changes in the tissue physiology and chemisty (Arnold et al., 2001) ; and (iii) hosts or ecological sites, for example, below-or above-ground, have different limited factors such as humidity, chemistry, temperature to impact fungal communities and diversity.
However, different story was reported from the epiphytic orchids, in which the fungal communities within the leaves and roots were surprising similar (Bayman et al., 1997) .
Diversity and specificity of endophytic fungi for Orchid plants
In the present study, fungal communities within the leaves of B. ochracea showed relatively high diversity. In comparison, fungal diversity in roots was generally much higher than that in the leaves. Meanwhile, the dominant species of genera Epulorhiza, Ceratorhiza and Sebacina in B. ochracea roots are the typical mycorrhizal fungi of other orchid plants (Athipunyakom et al., 2004; Currah and Zelmar, 1992; Otero et al., 2002) , and they exhibited a relatively high host specificity as shown in McCormick et al. (2004) , Otero et al. (2007) , Shefferson et al. (2005 Shefferson et al. ( , 2007 and Taylor et al. (2003) . However, Otero et al. (2002 Otero et al. ( , 2004 ) studied the mycorrhizal associations of some fungi from tropical epiphytic orchids, and found mycorrhizal fungi were comprised of generalists. In addition, the species composition of mycorrhizae may also change during the development of individual plants.
In Gastrodia ellata and Mycena osmundicola, mycorrhizae was present in the protocorm stage but was replaced by Armillaria mellea in subsequent stages (Xu and Mu, 1990) . McCormick et al. (2006) found that Goodyera pubescens protocorms and adults associated with only one individual fungus at a time, whereas, environmental variation or other adverse factors (for example, drought) may induce a switch to a different fungal partner. Nevertheless, fungal communities within the leaves of orchids are generalists as shown in previous studies (Guo et al., 2001 (Guo et al., , 2003 Li et al., 2007; Schulz and Boyle, 2005) .
This study has significance for orchid ecology. Human activities have been the major factor causing the diminishing of wild populations of B. ochracea. Up to now, little is known about the impacts of mycorrhizal and non-mycorrhizal fungi on the distribution and survival of orchids in the ecosystem. It is possible that, the availability of endophytic fungi is one of the limiting factors for the establishment of a new plants population. Thus, a better understanding of fungus-host relationship would possibly provide useful information in orchid conservation in the near future. Future research should further elucidate the fungal communities within orchid and characterize the fluctuation of fungal diversity under the individual life period, for example, flowering, fruiting and dormancy, and seasons. In addition, it is necessary to elaborate on the possible symbiotic associations between endophytes and plants, within single organs, among organs of a single plant, and possibly among host species from different field sites.
